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(54) APPARATUS FOR MAGNIFICATION OBSERVATION WITH RADIATION 

(57)Abstract: 

PURPOSE: To provide the apparatus for magnification observation with 
radiation having a high resolution. 

CONSTITUTION: The radiation emitted from a radiation source 20 is 
transmitted through a sample 27 and cast into a slant incident reflecting 
mirror 11. The incident radiation is magnified and the image is formed with 
the slant incident reflecting mirror 11. The image is impacted into a 
detecting means 21 and detected as the X ray image. A shielding plate 12 
is arranged in approximately parallel with the surface at a position close to 
the emitting surface of the slant incident reflecting mirror 1 1. An opening 
12a is provided at the region of a part of the surrounding part in the 
shielding plate 12. The X rays, which are reflected from a part of the 
reflecting surface of the slant incident reflecting mirror 1 1 passes the 
opening 12a and reaches the detecting means 21. Therefore, the part 
having the high machining accuracy among the reflecting surface of the 
slant incident reflecting mirror 1 1 is selectively used, and the X rays can 
be magnified and the image can be formed. The X-ray image having the 
high resolution can be detected with the detecting means 21. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim 1 ] It is radiation expansion observation equipment characterized by providing the following, while approaching 
the plane of incidence or the outgoing radiation side of the aforementioned oblique incidence reflecting mirror, it is 
mostly arranged with these fields at parallel, and it is radiation expansion observation equipment characterized by 
equipping a field with the shield which has opening for a periphery a part. The radiation source which carries out 
outgoing radiation of the radiation towards the arrangement position of a sample. The oblique incidence reflecting 
mirror of the shape of a cylindrical shape to which the image of the radiation which penetrated the aforementioned 
sample is carried out expansion and image formation. A detection means by which this oblique incidence reflecting 
mirror detects expansion and the radiological image which carried out image formation. 

[Claim 2] The aforementioned shield is radiation expansion observation equipment according to claim 1 characterized 
by the ability to rotate focusing on the medial axis of the aforementioned oblique incidence reflecting mirror. 
[Claim 3] The aforementioned oblique incidence reflecting mirror is radiation expansion observation equipment 
according to claim 1 characterized by the ability to rotate focusing on a medial axis. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the radiological image expansion observation equipment which can 

observe a sample with an X-ray and other radiation. 

[0002] 

[Description of the Prior Art] Drawin g 8 is the cross section showing the structure of conventional radiological image 
expansion observation equipment. As for conventional radiological image expansion observation equipment, the 
oblique incidence reflecting mirror 101 and a stopper 102 are arranged inside the cylindrical shape-like case 100 from 
this drawing, an entrance window 103 is formed in end side 100a of a case 100, and the phosphor screen 104 is formed 
in other end side 100b, respectively. Moreover, the entrance window 103 of a case 100 is approached, the sample base 
105, a filter 106, and the X line source 107 are installed, a phosphor screen 104 is approached, and the camera 108, the 
frame memory 1 09, and the monitor 1 1 0 are installed. 

[0003] Operation of this equipment is shown below. First, the X-ray which carried out outgoing radiation of the X line 
source 107 penetrates a filter 106, and a wavelength limit is carried out and it carries out incidence to the sample 1 1 1 
fixed to the sample base 105. Incidence of the X-ray which penetrated the sample 1 1 1 is carried out to the oblique 
incidence reflecting mirror 101 through an entrance window 103. The X-ray which carried out incidence is expanded 
with the oblique incidence reflecting mirror 101, and the X-ray which passed the stopper 102 carries out image 
formation on the photoelectric surface 1 12 as an X-ray image. Here, it has prevented an unnecessary X-ray carrying 
out incidence of the stopper 102 to the photoelectric surface 1 12. If an X-ray carries out incidence to the photoelectric 
surface 1 12, a photoelectron is emitted from the rear face of the photoelectric surface 1 12, multiplication of the emitted 
photoelectron will be carried out by the micro channel plate (MCP) 1 13, and it will form an optical image in a 
phosphor screen 104. After this optical image is incorporated by the camera 108, it is stored in a frame memory 109 
temporarily, a monitor 1 10 is given after that, and an optical image is displayed. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, the process tolerance of the reflector of the oblique incidence 
reflecting mirror 101 has determined the resolution of conventional radiation expansion observation equipment. For 
example, if the total reflection side of the oblique incidence reflecting mirror 101 is not stored in the configuration 
error about surface roughness several nm or less and below sub mum when using an X-ray with a wavelength of 
several nm, the resolution of predetermined level is not obtained. 

[0005] However, although it could attain if the above-mentioned precision was a part of reflector, it was rather difficult 
to cover the whole reflector and to attain, therefore it was not able to obtain resolution of predetermined level. 
[0006] this invention solves such a problem and aims at offering radiation expansion observation equipment with high 
resolution. 
[0007] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the radiation expansion 
observation equipment of this invention The radiation source which carries out outgoing radiation of the radiation 
towards the arrangement position of a sample, and the radiation which penetrated the sample Expansion and the 
cylindrical shape-like oblique incidence reflecting mirror which carries out image formation, It is radiation expansion 
observation equipment equipped with a detection means by which this oblique incidence reflecting mirror detects 
expansion and the radiological image which carried out image formation, while approaching the plane of incidence or 
the outgoing radiation side of an oblique incidence reflecting mirror, it has been mostly arranged with these fields at 
parallel, and the field is equipped with the shield for a periphery which has opening in part. 
[0008] Here, a shield rotates focusing on the medial axis of an oblique incidence reflecting mirror, or an oblique 
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incidence reflecting mirror rotates focusing on a medial axis. 
[0009] 

[Function] According to the radiation expansion observation equipment of this invention, the radiation which carried 
out outgoing radiation of the radiation source penetrates a sample, and it carries out incidence to an oblique incidence 
reflecting mirror. The radiation which carried out incidence is carried out expansion and image formation with an 
oblique incidence reflecting mirror, is given to a detection means, and is detected as an X-ray image. The shield is 
mostly arranged with these fields in the position close to the plane of incidence or the outgoing radiation side of an 
oblique incidence reflecting mirror at parallel. It has opening to the field in part, and the X-ray for a periphery (or X- 
ray reflected by a part of reflector of an oblique incidence reflecting mirror) which carries out incidence to a part of 
reflector of an oblique incidence reflecting mirror passes this opening, and this shield reaches a detection means. 
Moreover, since the X-ray (or X-ray reflected in other portions of the reflector of an oblique incidence reflecting 
mirror) which carries out incidence to other portions of the reflector of an oblique incidence reflecting mirror is 
covered with a shield, it does not reach a detection means. For this reason, among the reflectors of an oblique incidence 
reflecting mirror, using the high portion of a process tolerance alternatively, an X-ray can be carried out expansion and 
image formation, and the X-ray image of high resolution can be detected with a detection means. 
[0010] 

[Example] Hereafter, one example of this invention is explained with reference to an accompanying drawing. Drawing 
1 is the perspective diagram showing the cross-section structure of the radiological image expansion observation 
equipment concerning this example. From this drawing, the worm 13 with a shaft to which the radiological image 
expansion observation equipment of this example makes the interior of the cylindrical shape-like case 10 rotate the 
stopper 12 of the disk configuration which passes a part of expansion, oblique incidence reflecting mirror 1 1 which 
carries out image formation, and X-ray for a periphery which opening 12a was formed in the field in part, and passed 
the oblique incidence reflecting mirror 1 1 for an X-ray image, and a stopper 12 is incorporated. An entrance window 
14 is formed in end side 10a of a case 10, a phosphor screen 15 is formed in other end side 10b, respectively, , and the 
photoelectric surface 16 is formed in the image formation position of the X-ray by the oblique incidence reflecting 
mirror 1 1 . Moreover, the micro channel plate (MCP) 17 is arranged on the phosphor screen 1 5 by the side of the 
photoelectric surface 16. Furthermore, the entrance window 14 of a case 10 is approached, the sample base 18, a filter 
19, and the X line source 20 are installed, a phosphor screen 15 is approached, and the camera 21, the frame memory 
22, and the monitor 23 are installed. Coils 24 and 25 are twisted around the periphery between the photoelectric surface 
16 of a case 10, and a phosphor screen 15 further again. 

[001 1] Moreover, gear 12b for angle-of-rotation adjustment is formed in the periphery edge of a stopper 12, and it has 
become a worm gear. A stopper 12 rotates by warm 13a of the worm 13 with a shaft gearing to this gear 12b, and 
rotating the worm 13 with a shaft. The worm 13 with a shaft is driven in the stepping motor 26 grade prepared in the 
case 10 exterior, and can set up now the angle of rotation of a stopper 12 correctly. 

[0012] The radiological image expansion observation equipment of this example operates as follows. First, the sample 
27 which should be observed is fixed to the sample base 18, and these are arranged between an entrance window 14 
and a filter 19. Next, if outgoing radiation of the X-ray is carried out from the X line source 20, an X-ray penetrates a 
filter 19, and a wavelength limit will be carried out and it will be irradiated on the sample 27 fixed to the sample base 
18. An X-ray's transparency of a sample 27 forms an X-ray image. The transmitted X-ray passes an entrance window 
14, it carries out incidence to the oblique incidence reflecting mirror 11, and image formation of the X-ray image 
expanded with the oblique incidence reflecting mirror 1 1 is carried out on the photoelectric surface 16. From the rear 
face of the photoelectric surface 16, the photoelectron corresponding to this X-ray image is emitted, and the electronic 
image by this photoelectron is expanded with coils 24 and 25. And after multiplication of the expanded electronic 
image is carried out by MCP 17, image formation of it is carried out to a phosphor screen 15, and it obtains an optical 
image. After the optical image formed in the phosphor screen 15 is incorporated with a camera 21, it is stored in a 
frame memory 22 temporarily, and is given to the monitor 23 equipped with CRT etc. after that. Moreover, this frame 
memory 22 has the function which compounds the picture memorized now and the newly given picture. 
[0013] The feature of this example is a point equipped with the stopper 12 which passes a part of X-ray reflected by the 
reflector of the oblique incidence reflecting mirror 1 1 . By this stopper 12, the X-ray reflected by the reflector of most 
oblique incidence reflecting mirrors 1 1 will be covered, only the X-ray reflected in the portion of a request of a 
reflector reaches the photoelectric surface 16, and an X-ray image is formed. It can be made to be able to rotate by the 
drive gear 13, and a stopper 12 can move opening 12a to a position. As an observation method of the sample 27 using 
the equipment of this example First, a stopper 12 is fixed, after rotating a stopper 12 and moving opening 12a to a 
position by the drive gear 13. There is the 2nd method which compounds the 1st method which observes an optical 
image with a monitor 23 in this state, and the picture which picturized the optical image with the camera 21 whenever 
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it makes a stopper 12 turn and carried out predetermined angle rotation by the drive gear 13, and was acquired for 
every predetermined angle, and observes this synthetic picture with a monitor 23. It divides into the 1st observation 
method and the 2nd observation method hereafter, and explains. 

[0014] First, the 1st observation method is used, when a part of reflector of the oblique incidence reflecting mirror 1 1 
has the field where a process tolerance is high. Although this needs to make nm order the process tolerance (surface 
roughness, configuration error) of the oblique incidence reflecting mirror 1 1 in order to form the X-ray image of high 
resolution in the photoelectric surface 16, it depends on an impossible thing [ processing a total reflection side in such a 
precision ] with the present processing technology. Then, the field which has the process tolerance of nm order among 
the reflectors of the oblique incidence reflecting mirror 1 1 is chosen, opening 12a of a stopper 12 is passed and only 
the X-ray reflected in respect of this is made to reach the photoelectric surface 16. For this reason, the X-ray image of 
high resolution is formed on the photoelectric surface 16, and the optical image of high resolution is formed in a 
phosphor screen 15. In addition, since most X-rays reflected by the reflector of the oblique incidence reflecting mirror 
1 1 are covered with a stopper 12, there is very little X dosage which reaches to the photoelectric surface 16. For this 
reason, it is necessary to expose for a long time and to secure sufficient X dosage by this observation method. 
[0015] Moreover, the 1st observation method is used when the resolving direction of the picture picturized with a 
camera 21 even when there is no high portion of a process tolerance in the reflector of the oblique incidence reflecting 
mirror 1 1, on the other hand, requires only ** (direction in alignment with the segment which connects the axis of 
rotation of a stopper 12, and opening 12a). The X-ray image expanded using the low reflector of the process tolerance 
of the oblique incidence reflecting mirror 1 1 has the high resolution of a direction perpendicular to the field compared 
with the X-ray image which removed the stopper 12 and was expanded using the whole reflector of the oblique 
incidence reflecting mirror 1 1 . This is because the stopper 12 covered the X-ray which worsens the resolution reflected 
in other portions of a reflector. Then, when the resolving direction of a picture requires only Mukai on the other hand, 
this method is used for the process tolerance of the whole reflector surface also by the low case. In addition, since the 
degree of improvement in this resolution is based on the process tolerance (surface roughness, configuration error) of 
the field to be used, it is necessary to set the reflector to be used as the field where a process tolerance is the highest 
among the whole reflector. 

[0016] Next, the 2nd observation method is explained. When there is no high portion of a process tolerance in the 
reflector of the oblique incidence reflecting mirror 1 1, the picture picturized with a camera 21 continues in all the 
directions, and the 2nd observation method is used when to be high resolution is demanded. First, this observation 
method irradiates an X-ray on sample 27 front face, and reflects the X-ray which penetrated the sample 27 by the 
reflector of the oblique incidence reflecting mirror 1 1 . The X-ray which passed opening 12a of a stopper 12 among the 
X-rays reflected by this reflector reaches the photoelectric surface 16, and forms an expansion X-ray image on the 
photoelectric surface 16. A photoelectron is emitted by attainment of an X-ray from the photoelectric surface 16, 
multiplication of this photoelectron is carried out by MCP17, and it forms an expansion optical image in a phosphor 
screen 15. This optical image is picturized with a camera 21, and is observed with a monitor 23 through a frame 
memory 22. 

[0017] Next, a stopper 12 is rotated for a while. With the size of opening 12a, the angle to rotate is set up so that 
between may not open by opening 12a in a front position, and opening 12a in the position of a degree (although the 
size of opening 12a is based on the process tolerance of the reflector of the oblique incidence reflecting mirror 1 1, it is 
thought from the experiment by the light which the artificer performed that twenty or less percent of the effective-area 
product of the outgoing radiation side of the oblique incidence reflecting mirror 1 1 is sufficient.). 
[0018] Then, an X-ray is irradiated again at a sample 27, the transparency X-ray from a sample 27 is expanded, the 
optical image by this X-ray image is picturized with a camera 21, and the acquired picture is compounded with a front 
picture on a frame memory 22. A stopper 12 is rotated, the position of opening 12a is changed and picturized further 
again, and it compounds with two front pictures. Henceforth, this process is repeated until opening 12a of a stopper 12 
returns to the original position (until it makes one revolution). Thus, the acquired synthetic picture turns into a picture 
with high resolution from the picture which used the whole reflector surface of the oblique incidence reflecting mirror 
1 1 by high contrast. 

[0019] In this example, resolution is raised using a method special to composition of the above-mentioned picture. 
Next, this image-processing method is explained using drawing 2 - drawin g 6 . 

[0020] If the sample 27 of a grid pattern as shown in drawin g 2 (a) is picturized using conventional stopper 12* 
somewhat smaller than the outgoing radiation side of the oblique incidence reflecting mirror 1 1 as shown in drawing! 
(b), it will become the picture which faded to the whole as shown in drawing 3 (a). This is clear also from the graph of 
a distribution of the relative luminance of drawing 3 (b). That is, in the graph of drawin g 3 (b), the difference of the 
maximum brightness and the minimum brightness is small, and there are few differences of the contrast of a bright 
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portion and a dark portion. It turns out that it is the picture which is not clearer than this. 

[0021] By the way, the synthetic picture which added simply the picture which was rotated the predetermined angle 
every and picturized the stopper 12 of this example as shown in drawi ng 2 (c) - drawing 2 (e) turns into a picture which 
faded as shown in drawin g 5 (a). Although the graph of drawing 5 (b) has the difference of the maximum brightness 
and the minimum brightness larger than the graph of drawing 3 (b), when it does not pass over it because this synthetic 
picture added the picture of three directions, but the picture of all the directions is added, the picture of draw ing 3 (a), 
the picture of almost equivalent resolution, and a bird clapper are expected. The reason is as follows, the segment with 
which the X-ray image by the X-ray which passed opening 12a of a stopper 12 connects the axis of rotation to opening 
12a — although the resolution of the direction in alignment with 12b is high — this segment - the resolution of a 
direction perpendicular to 12b - a low Therefore, in having added simply two or more pictures picturized whenever it 
rotated the stopper 12, the component of the direction of a low of resolution will also be added and the resolution of a 
synthetic picture becomes a low thing comparatively. Although the line of Y shaft orientations is obtained by high 
resolution as shown in drawing 4 (a) when the transparency picture of the sample 27 of the grid pattern of drawing 2 
(a) is specifically picturized using the stopper 12 with which opening 12a is located in the upper part like drawing 2 
(c), the line of X shaft orientations perpendicular to it will fade. With this, when it picturizes using the stopper 12 with 
which opening 12a is conversely located in the right-hand side section like drawi ng 2 (d), the line of Y shaft 
orientations fades and the line of X shaft orientations becomes clear. Therefore, if these two pictures are added, 
resolution will fall as a whole. Furthermore, if this is performed in all the directions and all pictures are added, it will 
become the picture of a low resolution of the same grade as the picture picturized by conventional stopper 12 1 of 
drawing 2 (b). 

[0022] When opening 12a of the stopper 12 of drawing 2 (c) or the stopper 12 of drawing 2 (d) was passed and image 
formation of the signal (transparency X-ray) from there is carried out paying attention to the specific portion in the 
object whose picture should be taken here, The amount of signals when looking clearly also in the same image 
formation position has increased compared with the amount of signals when fading (while fading, the signal which 
should be carried out image formation there will spread in a surrounding pixel.). . Then, if the larger one [ pixel / of 
both pictures / every ] is chosen and outputted, it will become a high-definition picture from the picture which only 
added both pictures. 

[0023] Therefore, if a final picture is constituted as each picture is not added, each picture is compared for every pixel 
and the maximum in it is chosen, the picture of high resolution will be acquired rather than the picture photographed by 
stopper 12' shown in drawing 2 (b). However, although the background of the portion (portion which serves as a 
shadow and does not have a transparency X-ray) which does not have this letter number in this case will also go up, 
resolution still becomes better than the picture added simply. Moreover, in the picture which chose this maximum, if 
offset is imposed and a background component is cut when there are many amounts of signals, a still better picture will 
be acquired. Furthermore, these processings are effective when there are many amounts of signals (X dosage). The 
example of this picture is shown in drawing 6 (a). It turns out that the picture of high resolution was acquired compared 
with the picture of drawing 3 (a) from this drawing. It can be said that especially the difference of the maximum 
brightness of a graph and the minimum brightness shown in drawing 6 (b) was large, and the very clear picture was 
acquired. 

[0024] In addition, various deformation is possible for this invention, without being limited to the above-mentioned 
example. For example, in this example, although the stopper 12 is formed in the outgoing radiation side of the oblique 
incidence reflecting mirror 1 1 , you may prepare in the incidence side of the oblique incidence reflecting mirror 1 1 . 
Furthermore, you may form a stopper 12 before a sample 27 (between the X line source 20 and samples 27). When it 
places before a sample 27, X dosage irradiated by the sample 27 can be reduced and radiation damage done to a sample 
can be made small. In the example of drawing 1 by which the stopper 12 was installed behind the sample 27, image 
formation was carried out using a part of X-ray which has penetrated the sample 27, and the remainder is throwing 
away. That is, the unnecessary X-ray will be irradiated at the sample 27. When rotating a stopper 12 and compounding 
a picture especially, supposing n sheets need to be picture compounded to acquire the picture of one sheet, compared 
with the case where it is picturizing by one conventional irradiation, an X-ray will be irradiated by many same samples 
27 also n times. This is a problem in the sample 27 which can consider the damage by radiation, such as an organism 
sample. Then, the X-ray which irradiates a sample 27 is held down to necessary minimum by placing a stopper 12 
before a sample 27 (since it is only the one section of opening 12a in the 1st observation method, the effect is large.). 
There are not a case where it picturizes at once by the fUll open mouth after all also with the 2nd observation method 
which rotates a stopper 12, and a change. . The example which places a stopper 12 before a sample 27 is shown in 
drawing 7 . Oblique incidence reflecting mirror 1 la for condensing is installed before the X line source 20 and a 
sample 27, and a stopper 12 should be put on either the incidence side or an outgoing radiation side (the position of 
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opening 12a of a stopper 12 prepared here is noticed about it being the direction shifted 180 degrees by oblique 
incidence reflecting mirror 1 lb for image formation.). For example, when using it by the 1st observation method, 
choosing the portion of A of oblique incidence reflecting mirror 1 lb for image formation, the position of opening 12a 
of a stopper 12 serves as the direction of B. . 

[0025] Moreover, although the reflector of the oblique incidence reflecting mirror 1 1 in which a stopper 12 is rotated 
and an X-ray is reflected is made to change in this example, you may rotate oblique incidence reflecting mirror 1 1 the 
very thing, furthermore, the stopper 12 of the disk configuration which constitutes a worm gear from this example as a 
rolling mechanism and with a shaft - although the worm gearing using warm 13 was used, it indicated to JP,2- 
22589,A (radiation expansion observation equipment), for example, without being limited to this mechanism — it is 
like [ it extracts and ] the rolling mechanism of a means 
[0026] 

[Effect of the Invention] If it is radiological image expansion observation equipment of this invention and there is that 
a part of portion with the sufficient process tolerance of a reflector is also alike when the process tolerance of most 
reflectors of an oblique incidence reflecting mirror is bad or as explained to the detail above, opening of a shield can be 
passed only for the radiation reflected in the portion. For this reason, expansion and the resolution of a radiological 
image which carried out image formation have the very high radiation which passed opening of a shield, and the 
radiological image of a high resolution is detected with a detection means. 
[0027] 



[Translation done.] 
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[0 0 11] * hy/<l 2©^JB»^f*IBMEAil 
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*te#j©3ge&/Hv\fc»^2 7©«&#^t lt»4, * 

■f, IBSb^-fl 3lci-oT^ I>^1 2 £[s]$5£-ti\ H 
P 1 2 a40ft©ttt«iS*fc«f^ bs"<l 2* 
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fcf£»tl--r#*-f\ £#ft©II&££ L^*^^ 1 - 
fi, 13 (a) ©«{|^IS£/0ifH*©««^©lHfc£ 
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#©m#fithb'<-c#<*o-cv'>5 0S«trv^t#tt 

5„ ) „ ^-T?jiiB&©&®f5?-i©*£^ (i ?£^ 
20 L-CttiTJ-Tfrtf. praMk*¥fcJB b-g-t>-erfc®« ± 9 t> 

[0 0 2 3] ttoT, #W*SrJEL-S-*»*5©"^'*J5c 

®&.-rz>£5icvx, ***w4w*«r*j*i-*u*^ia 2 
(b) t^-r* h^i2' -e#ofcSHg<<fc t» tiis«i« 
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e>ic x Hft2 7oW (XBM2 0 iltW2 7 ©IB) 

-a-, tt»2 7tcflRWS*v*Xil(l*«r«6>b, WFHt**. 
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